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(57) Abstract: A langasite single crystal ingot being grown by pulling-up, characterized in that any part in the longitudinal and 
transverse cross sections of the straight part thereof except the shoulder part contains lanthanum oxide, gallium oxide and silica, 
which are constituent components thereof, in amounts of a range of ± 0.05 wt % of respective intended contents based on weight 
The langasite ingot is excellent in the uniformity of the contents of the constituent components over the whole thereof except the 
shoulder 



# 



WO 01/48276 Al 



IllllUll 




part, and thus has various commercial advantages, for example, in application to a substrate for a piezoelectric device such as a surface 
acoustic wave filter, such as those that it contributes not only to the stability of properties of products, but also to the reduction of 
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m^1r<?titz.7^#i)-J hmW&Ji/*iyh\m^&^<D^&V, &fc, saw 
&:}o. *tUMf*x 0 ^B^^fFWlil l-3 7 73 35f, t®2 

0 0 0-00 1 4 2 6f, 4^ffi 2000-1651 1 4.#Xl*«MK 2 0 0 0-1 
6 5 1 19^-) tflS<5< %0-efe9, rttb^)0^l±JlS'^IB^rt^}»^^#^ 

LajGasS iO>, (Langasite: 7 V^IM h) ~t&tt>£fr x 

L a iOs : 4 8. 0 4%> 
G a 2 Os : 4 6. 0 6%, 
S i O2 : 5 . 9 0%, 
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JiifOltttSrtoifc^^ 0iJ^L^4#P¥l 0-1 2 6 2 0 9-5§-&f&KllS^£;ft, 
3W4^ffi& (Surface Acoustic Wave: S AW) 7 /V* WWMrf 
^ ^flH6K#tf** £T £ LTS B $ tb, flRfctfSflfrnT V n 5 H. Takeda 

, K. Shimaraura, V. I. Chani, T. Fukuda, Effect of starting melt composition on c 
rystal growth of LasGasSiOi *, J. Crystal Growth 197(1999)204.^) 0 "t~&fc>"fe> 

jSS^Uy h«:iSMPb-cmfe*«rWfifcb-CV^„ 

S i 0 2 ©^f #KG a 20*^4^9 ^fl^C^^ ^UlinSr^ftL 

c § t 5 ^-a-^fco 7t 0 £(£><£; 5 b§j 9 m bfc * ^^<o$t 
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5 fc * l£j**3ft£«r 9 f£V MSfc: L * ttHtffc b * < , < * o X 

©JblB^Jfti£aE*>3E'ffcL"CL* 5„ S AW7 ©tg^^tt(7)-o-efeS ^ 
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&^«i^7y*©fcV^l';tfiM > b¥*&*>f V=fy b&M3H-^<EBS£r 
i'>t5it!^@U rof^L a 2 O s *5j;TJ*S i Oftt-f i'sT* bWj&fUK&tJ 

(2) ^=rV b<£>3IJLtflirj& I K btf>M 
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o 

^± (i) *sxxf (2) i^$H5W^^^#fcco-efe5o 

,GasS i O t 4-C^t?^^5^V^f^ h05l±tfW^7^^f-^ h^^Vrfiy 

ffittmM.G\Z-7Fl-M>A (L a a 0 8 ^S4 7. 8lli%, Ga.O»#46. 50 
Si 0 2 ^5. 6 911%) % (La 2 0 3 flS4 7. 9 7fi*% N Ga 

j0 3 ^4 6. 2 611°^ Si02#55. 7 7li%) , /&C (La20 s j&54 8. 
0 411% Ga 2 0 3 ^4 6. 5 0lt% s SiO a d5 5. 4 6fil%)-C.IS*H 

6 A (La 2 Os^4 7. 8llt%> Ga20s#4 6. 5 0 

MM%, SiQ 2 ^5. 6 911%) , /&B (La 2 Os^4 7. 9 7S4°/o, Ga 
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a O s d54 6. 2 611%, SiOai»S5. 7 7fi%) , (La 2 0 3 ^4 8. 

0 411%, Ga 8 O s ^4 6. 5 0li%, Si0 2 ^5. 4 6tl%) 

h^b^^tt^iJEmx^-f^fflS^-efeo-C, BiTlBLaaGasS iOutt 
, ^ft0®6^-r^a (La 2 O a ;&S4 7. 8 2li%, GaaOs^4 6. 50 
11%, SiOJ5 5. 6 811%) , Ab (LaaO a d*4 7. 9 711%, Ga 
2 0,^4 6. 2 7fi%, SiOa^55. 7 6li%) , ^ic (Laa0 3 #M8. 
0 311%, G a 2O3/&S4 6. 4 9li%, Si0^5. 4 8li%) "CH^fr 

SH^jj&Hl^g^V^T, LasGasS i Oh (DJWJ&X' feSLa a O 3 , GaaOsS. 

^^La s Ga s S i 0»4©^ift4r5l# Jlif WjfcU ffcLa s Ga s S i 
On^, La 2 0 3 , G aaO a 25.TJ ? S i Oa^-hfEm^fEffll^O^^^-CfcSO-e, 
^©ffiSWt^V^fpS^L a 8 Ga 5 S i O l4 ^^^#btbS t t 

-r^t?*>> ^isKflDjEa^w^ffiStR^iisfi^fej*, -Liangs <*> ^ ^#-2- 

SfcOfiSS^SrC&oT, mtfmmi 4^-r^A (L a,0^4 7. 9 8m* 
#M6. 3 211%, S i Oa#*5. 7 0li%) , (La s O 
jjJ4 8. 5 011%, Ga 2 0 3 ^4 6. 3 211%, Si0 2 ^5. 1811% 
) , AC (La.O.iUB. 5 011%, Ga 2 Q 3 ^4 7. 5 011%, SiO 
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2^4. 0 011%) , (La a 0 3 ^4 7. 5 0fi%, Ga s O a ^47. 5 

*0l*%, SiO,^5.. 0 011%) , (La 2 0 8 ^S4 7. 5 011%, G 

a 2 0^46. 3 211% Si0 2 ^6. 1 8li%) , (La 2 OJ4 7 

. 5 011%, Ga 20 3 a$4 6. 0 Oli%> S i0 2 ^6. 5 0lt%) , 
(La 2 Os^4 7. 9 8li%> Ga 2 Oa^4 6. 0 011%, Si0 2 ^6. 0 

. LaaOsd*4 7. 9 8li%, Ga 2 O s ^4 6. 3 211%, Si0 2 ^5. 7 0 
11%) , (La,O s ^4 8. 5 011%, Ga 2 O s ^4 6. 3 211%, 

Si0 2 ^S5. 1811%) , J&C (La 2 Oa^4 8. 5 011%, Ga 2 O s ^4 
7. 5 0li%s SiOjiJU. 0 011%) , (La 2 0 3 ^4 7. 5 011 

%, Ga 2 Os^4 7. 5 011%, S i O z ^5. 0 011%) , (La a O 

3 ;&S4 7. 5 011%, Ga 2 0 3 #S4 6. 3 211%, SiO a ^6. 1811% 
) , J&F (La 2 Os^4 7. 5 0 11%, Ga 2 Os^4 6. 0 011%, SiO 
3 d5 6. 5 011%) , &G (La a O a ^4 7. 9 811%, Ga 2 0 3 ^4 6 . 0 
011%, SiOj6. 0 211%) ^miZ.fr&Mj&ffifflft'ZWAVXA'ytffo 

o 

=fy hd^^$tufeJEE^^M^fflS^"eS)oT, MIBL a 3 G a s S i Ouft 
, ?SftH® 1 4 l-^i"^ a (La 2 0 3 }&54 7. 9 8 11%, G a aOs^ 4 6 . 3 
211%, Si0 2 d5 5. 7 011%) , (La 2 0 9 2S4 8. 4 811%, G 

a 2 0 3 ^4 6. 3 211%, SiOa^5. 2 0 11%) , ^ c (La 2 0 3 ^4 8 
. 4911%, Ga 2 OsiU7. 4911%, S i0^4. 0 211%) , &d 
(La 2 0 3 ^4 7. 5 211%, Ga 2 0 3 #54 7. 4 911%, Si0 2 ^4. 9 
911%) , (La 2 0 3 ^4 7. 5 211%, G a 2 O s ^4 6 . 3 211% 

, SiOa*S6. 1611%) , /Sk f (Laa0 3 ^4 7. 5 111%, Ga 2 Os^ 
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4 6. 0 111%, S iO a ^6. 4 811%) , Ig (La 3 Os^4 7. 9 81 
4%, Ga 2 O s ^4 6.. 0 211%, SiD2^6. O Oli%) -CH£*l/5#.aj£ 

•5JS»j|£*K:a£<5V'»-t\ La 3 Ga 6 S i Ou©I^-efo5La 2 O s , GaaOaS 
^»?>La3Ga s S i O i « (Dm££k%3\ Wfft U ifcLa 8 Ga 8 S i 

om^, La a o 3 , g a 2 o 3 ^s i o a ^5j I fam^iap fe 3^^^-efo5^-e> 

Z^O^MJ()-C'>/j;V^p 0 B f * L a , G a » S i 0 14 ^^^fe,tt§ t 

^ffig^Mit^fet^V^T, i^IUI^tlA CLa a 0.aS4 7. 9 8 
1*%, Ga 2 O s ^4 6. 3 2li%, S i0 2 ^5. 7 0 lft%) , (La 
2 O s ^4 8. 5 011%, Ga 2 0 3 ^S4 6. 3 2M:%, SiO a flS5. 1 8li 
%) , &C (La 2 Os^4 8. 5 011%, Ga 2 O s ^4 7. 5 0l*%, Si 
O a #U. 0 011%) , ^.D (La 2 O s ^4 7. 5 0lt%, Ga 2 Oa^4 7. 
5 011%, Si0 2 d5 5. 0 0ti%) , (La 2 Os^4 7. 5 0lt%, 

Ga a Oa^46. 3 2li%, S iOa^6. 1 8l*%) jjfiAfc$£Kft 
TJffJ^T/^JtfrtTHMftiS"** i^W^La s Ga 8 S i On(D)£1&Mi%: 

V*T, ^W-lll® 1 4 }^i-^A (La 2 OadS4 7. 9 8li%, Ga 3 O s ^4 6 
. 3 211%, SiO.#5. 7 014%) , (La 8 O s ^4 8. 5 0 14% 

, Ga 2 Os^S4 6. 3 21*%, Si0 2 £S5. 1 8 1*%) , &C (La 2 0 9 ^ 
4 8. 5 011%, Ga,Oj4 7. 5 0lfi%, SiOa^4. 0 0 fi*%) , 
(La 2 Oa^4 7. 5 0li%, Ga 2 Oa^4 7. 5 01*%, Si0^5 
. 0 014%) , ^CE (La 2 Os^4 7. 5 014%, Ga 2 0 3 ^4 6. 3 21 

s%, s io 2 ^6. 1 8tt%) Tia*tusm^srt-c#ftLT/vy^rt-egi 
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/B&SfcasV^ HIBLasGasS iOi.ft, 1 4 l^-f-^ a (La 2 0 

3^4 7. 9 811% Ga 2 0 3 ^4 6. 3 211%, Si0 2 ^5. 7 011% 
) , Ab.(La»Oi^4 8. 4 811%, Ga 2 Os^4 6. 3 211%, S i O 
2 fl*5. 2 0it%) , ^ic (La 2 O a ^4 8. 4 9ti% v G a jOslSM 7. 4 
9 11%, S iOJM. 0 211%) > (La 2 0 3 #4 7. 5 211%, G 

a 2 O s ^4 7. 4 911%, S i0 8 ^4. 9 9fi%) , (La 8 O s iU7 
. 5 211%, Ga 2 0 3 ^46. 3 211%, Si0^6. 1611%) "CB* 

asS i Oi4<Djra--?&5 L a 2 0 3 , Ga^Os^S i 0 2 <^n^Mj&^IS£: 
^bl-JifEISiarti-Pg^lUT/V^^rt^ife^^^, IfcA'S'tfrtfr&L a 3 G a 
S S i Oi4^^§r5l^±{fWfiKL, ifcLasGasSiOH^, La 3 0 3 , G 

a 2 o 3 s.tJ?s i o 2 d5JbSBiaj^fBffl^}e:PS^Ufc¥^-efcS£D-c, -#tfB©3§4= 
Sr#mWi"S*£»tTf<fc<, G a 2 o a (7)^v^£^tk{rj: t9, •Ga©flK5temJ:*jEfcS 

iSTlfc, bfc^oT, #36 Pitt, iO^lci^V^fcKitfc^ HfrfBP&MSr 

3£4R©fil3ft*^T?ft>o-C, La 2 O s §r, 4 8. 06^^,48. 8 0ll%tU 
Ga a O,Sr, 4 5. 2 5^b4 6. 6 0li%H, SiO a ^ 5. 21d>£>6 
. l 9 11% b VIzMtftfmft-ZW&LXA'y tfrt-citttff i^/vy b 

L a 3 G a b S i O, 31 £-t*f i t «rW|Rti-«o 

=fy h^bffM^tvfcJEm^V^^^S^-efeoT, fulSLasGasS iOnft 
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s LasOsSr, 4 8. 0 6^^48. 8 0lf%i.U GasOa^r, 45. 25 
•^U6. 6 0li%i:U SiO^, 5. 2 1^b6. 1 9fift%£ Lfof&Jifc 

% La 2 O a ^4 8. 0 6^f>4 8. 8 0li%tfe^ Ga s O s ^4 5. 2 5 d=» 
£>4 6. 6 0li%l?fe5i:i:%^ SiOa^5. 2 1d>£>6. 1 9ll%t^ 

r tt fe©jE«^>r * jB^^SH&^sfcxtflEtt^.-r * ^ass-era:, aafi-r 

•S^^^^i^S^V^T^ La 3 Ga s S i OuOg^Tfe^ L a 2 O s> GajOaR 

y!j?rta»bL asGasS i Oi4<£)i|M£if|3:3l £_B:fW/& £fcL a 3 Ga 6 S i 
Oh^, LaaOs, G a 2 0 3 ]5.^S i O a ^±|Bm^tSiartO^^'CfeS^T?> 
^dl^O^RBRW ^ ^/^^ a y^fct^^^ilifil/j; L a 3 G asS iOu 

legi^ffiWtt^sesiftUfefc^^aftiSft^^^y^^ ioo p p m^TiJifcS 

^ojEmT^M^jsstKT?^ j-iae»aiMiE©^9y*3Wi oo P pm^TK. 
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urns, >r^=fy hiiji^^$^±^«tt^T^^®}-*3^5#^ 

HI 4^ ig 2 ^"t-^Rff W L a 2 0 3 , Ga 2 0>, *5£U*S i Oi<D*a^WL*:Wl'fe 

© Sr^i-^nna *c h z> o 

Z *fefc J: £ 51 "# _hlf Wj^^-T «B&W*Wfffi 5 o 

01 ltt, ^2©^MBi-^lt5^®#tt^T r ^-<^(-*5V^, SAW7 

<D S A W^it <DWfcM ^ 7 y ^ Sr^i"^ 77^5. 
Hll 2 ft, ^©IStt^lBKlJlSV^T, LaaOa, Ga 2 0 8 WS i 

11 



WO 01/48276 



PCT/JPOO/09115 



<fc><5<> 

01611 ^Ml-^^SJBEm^V^S^XW^i!iJt^^*5V^T, ^ 

w <d s Awtii©ste:iirt^ 7 y * ^ "Cfe 5 0 

..01814, |R3©^l(fi^liU2:*3V>T N La 2 O s% G a 2 0 3 RD«S i 0 2 0|i^ 

mi 9ii msfomMi&mte&^x, j^xim mitfeft<z)***s"^rtiK: 
@2 3aii %a <Dnm&n\z.&ttz>mwT'U xwa&LXfi*<ow&%mz 

i2 3bfl 4 ©^Jfi^S^^SJBEm^V x&teRTf%:(p$m&mz 
0 2 411 ^4©^WB^^5#tt^®^>M^^*3V^^ SAW7 
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@2 6|* s ^4©H»^^*5V>T X La 2 O s , G a2O a R0S i Oj^Efig 

HI 2 814, SM^HWIil-^-C, .^KtflNf h^B%0_h§p (£*->M 

(a, b, c, a) <Diim*WLftxm&mvftffivtz.m&&^irm&'z$>z>o 
cm i <Dmm<Dmmi 

JM-S*£ LT, ^-fti-hUS. : 9 9- 9 9 fi4%J£*_L<E> L a a 0 3 |&5j^ GaaO 

L a 2 Os : 4 8%, 
G a 2 O s : 4 6 %, 
SiO,: 6%, 

os^s&j&^ie^u mmmwrnxi^mm^-i^ o. oito n/cm 2 <Dmt> 

: 10 0mmX|$: 6 OmmC^^o^Vj/M^^iU 
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ns^re w o so # ^ oi£^©sa N t ft t> -tie b wm&* w-r s i-** 

^IH^ : 1 O O mm x : 1 2 0 mm<Z^^£t>ofc^@2>:£3§9f 7> 

i6l^f^A (La 2 Os^4 7. 8 1 Sfi%s Ga 2 Os^4 6. 5 Oli%, 
S i 02#5 5. 6 9li%) . 
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7&B (La 2 O a ^4 7. 9 7ti%, Ga 2 0 3 35S4 6. 2 6li%, S i O s «S 
5. 7 7jr*%) > 

&C (La 2 0 3 #4 8. 0 4li%, Ga 2 0 3 ^4 6. 5 OlI%, S i 

znhvmn&MWimm'vitiffflm&z^ ^si o ommx 6 om 

"&XffiffiUM(Dm&'Lt-$-Z>o ^IT, •7>'^f--f b (LasGasS iOu) <D 
S £31 £ ±tf 5 \z.Wll£. U BFf^^lEl^ £ 31 JzM?-t«& L ^ £> 5? 

r<7>£ 5^LTWj&bfc^V;tf1^ (E^8 5 cm-C'i£P$PC0^:$ 

#Sl 9 0 cm) WiBt^m^ffltl^im^fl^tEfflrt^^B^ir^So 

(La s O a ^4 7. 8 2lt%, Ga 2 Os^4 6. 5 011%, Si 02*5 5. 6 
811%) <Dm.f8.btey, l&B(Dffi.&X'U&b (La a Oad54 7. 9 7li%, 
GasOs£S4 6. 2 7Si%> SiO a ^5. 7 6li%) kteY) ^ ^C(D«-e 
Ki^c (La a Os£S4 8. 0 3li%, Ga.Os^46. 4 9li%, S i 0 2 *S 
5. 4 811%) <Dm$.bt£otz.o L7c^oT s r^^ B Bf*> |6i^f^a 

\mmmm {-rt^wm mmmM) ) 7^j#$*ltsaw;7^/i^ mmw 



15 



WO 01/48276 ^ ^PCT/JPOO/09115 

±IB$43£#feK::j31< ,k T, La 2 0 3N GaaOs&T^S i 02<^mfifeSr^^TBEm^ 
— ^T^lill 2S.tJ ? El6^i-o m6^<D-^— jfcK5f&3S$i£. 

S£ft»W8aric (La 2 O s d54 8. 0 4 £4%, Ga 3 0 3 d54 6. 0 6li%, S 

i0 ^5. 9lti%) teS<5V^Wj£Ufc#at£©»^T?;ktK Y&tt, ±$£ 

bfcj. Crystal Growth»«©l»:fc^lBtt£*VCV^Ji&# (La 2 Os#4 7. 9 9 
mS%. Ga a O,^4 6. 3 011%, SiOj5. 7 1 Sfi%) |££<^Tlif 

^D©W(L a! O s ^4 7. 9 411%, Ga 2 Q 3 2M6. 4 2li%, Si 

W^bfc 0 Jl©AD©3Sa^-C^*bfc¥3e*»4^d (La.O.«S4 7. 9 4fift 
% x Ga 2 0,^4 6. 4 311%, Si0 8 ^5. 6 3 <£>£a$£fcofc 0 

±IBm^l5ffi^^^ (f*tW#0)*>k®;Rt*x, Y) fcowcH\ &«tt*sx 

£fc, ±IEJl&fft*£lB<& 5 La a Os^4 7. 9 3lt%, Ga 2 0 3 ^4 6. 
4 5lf%, Si0 2 ^5. 6 2'll%(Dffl^tBfil:WtU HfcfftRL 
T/V^l ffc:^"* — i^U 5 cmW©*^ 19 0 cmC^W 
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5*afife5rl CP5>W (Inductive Coupled Plasma : il^7°7 X-^) -?##fU;fc 

o ^cDjjg^ U 1 3 l o te^f J: 5 fc, &A#.Se£ 

^5/^iaoT7^5 ®EBtf>JH!itI®#i 7 £r^/& L , ±.UM1fcMWt(0 S AW ^ 
/is* 8 &YFm\^fe 0 ■€:b-C > hT^-f f-'&fflV^T S AW7^/W^ 8(Dcf'L- 

It, m^^fbffi^f-^^J^U «^fciot7^/^(7)|il^tft 

/£*5, *n>J!Mcf=te> ^©J^«#'i4^t 0 --i7^biii§»^-i o dB 

2 d ^V^5^^:}-J:o-C^&Sii:^S-e%2>o fc*3 N 2d|tSAW7^/^8 

<d&%z, mn \^-r& p ^ «®#&&Wi£<zv^y ^ i o o P p mP^Ti? 

^ N JEi^^Tx^ISldDlL^ SAW7^/^^MUfc. ^*3x £<e>H 
^-C{*x M^-bgP^^$PU^^^^ofc 0 r©SAW7^/^OWM|[ 
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i-**>^ *5H3ftjgtt*CWU b©l|^ibSL a 2 0 3 , GaaOsS. 

;^^^t)7^^t-f hm&&c*3\% ±:\?1iij&irZ<DX\ 

, 0 0 p pm^T<£l£m^^*fflS&>&M#b*b<5 

rfc^fe, ©EStRSrJflV^Sw <9, S AW7 ^ /V^ ^©i§-ttdSlP)± LT 

, iUfpf ^T/ V 7> ^il^St r t ^ So 

, in i 4 \z.7F-tm i <Dm&$&ffl, f^^^s 

El 1 4 \Z7F~f-M.A (La 2 O s ^4 7. 9 811%, Ga s O s ^4 6. 3 211% 
, S i 0^5 5 . 7 011%) % 

(La 2 0 3 ^4 8. 5 0li%, Ga 2 0 3 ^4 6. 3 2li% x S i Os^ 

5. 1 8li%) , 

(La 2 0 3 ^4 8. 5 0ti%, Ga 2 0 3 #S4 7. 5 011%, SiOt# 
4 . 0 0 11%) , 

(La 2 0 3 ^4 7. 5 011%, Ga 2 0 3 ^4 7. 5 014%, S i 0 2 7J* 

5 . 0 0 11%) , 

j&E (La 2 0 3 ^S4 7. 5 011%, Ga 2 0 3 ^4 6. 3 211%, S i O^S 

6. 1 811%) , 

j&F (La 2 0 3 #4 7. 5 011%, Ga 2 0 3 #54 6. 0 011%, S i 0^5 

6 . 5 0 11%) , 

(La 2 Os^4 7. 9 811%, Ga 2 0^4 6. 0 011%, S i O s ;}5 

6. o 211%) xm*ft&M&ffi.mft-T?mn*wMi-&o 

#*3, £<0jBJ5M6Btt* La 2 Q 3 ^4 7. 5 0li%d^4 8. 5 0li%* 
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ttU Ga 3 03d54 6. 0 0li%^b4 7. 5 0ti%*-CtU S i 0^5 
4. 0 OMM:%fab6. 5 Oli%4Ti: Lfofcaj&fafflft3>£>. La 3 0 3 ^4 7 
. 9 8SS%£j@;LTV^£*te:G a 2 O s 254 6. 3 2M%mffi<Pilft£ttS§: 

190 cm) ra\ ^*i*©iij*«!iffli^offij5i&«[fflrt<o^&t*s- i~ftfc 

(La s 0 3 ^4 7. 9 8li%> Ga»O s ^4 6. 3 2li%, SiO a ^5. 7 
0fifi%) <£>|Ej&tft9, ^B^m^Xi^b (La 2 0 3 ^4 8. 4 8li%, 
Ga 2 0 8 ^4 6. 3 2li%, SiO^s. 2 0li%) t ft «9 , ^C^1^"C 
tt/kc (La 2 OadS4.8. 4 911%, Ga 2 Os^4 7. 4 9li% N S i O a ^. 
4. 0 211%) £ftt>, .^D©»^d (La 2 03^4 7. 5 211%, 
Ga 2 0 3 #4 7. 4 9lt%, S iO^M. 9 9 fi*%) t ft 9 , ^E©^T 
^eLa 2 O a i)54 7. 5 2lf %, Ga 2 OJS46. 3 2lf %, Si0 2 ^6 
. 1611%) i;**), jfeF©i^T?ttjkf (La 2 O a ^47. 5 1 1*%, G 

a 2 O a ^46. 0 111%,'S iOj36. 4 8li%) Jr^!), ^G©»« 
/kg (La 2 0 3 £S4 7. 9 811%, Ga 2 Os#4 6. 0 2li%, S 1 OijPe 
. 0 011%) ©j&J&fcftofc. Ufc^oT, t©^L3fe*»", mi 4\Z.7r:-rM.a 

^tn N r07> W ^2^ffifIiPf(J:Lt, SAW7 

te$KLfct#<^fc$&Si^) tfV^y^j&Sl 0 0 p p mfiJTF^ftoTV^o 
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Ttz.tit:m^itm5Wti& i ?'<'tx&. mMmzxvmi 4, 134^^112 o&r 

— SXTVmi 8RJjmi 4^i~o **5^ 01 4 4"^v^ft, pfctB** 

»ft^ti^ (La a O s ^4 8. 0 411% Ga 2 0 3 ^4 6. 0 61 

14, Jrxfi LfcJ. Crystal Growth$i4&tf>ffc:£Ti2igt $ V n 5 jjfitfc ( L a 3 O . 2* 4 
7. 9 911%, Ga 2 O s ^4 6. 3 011%, SIOJ5. 7 111%) I^S 

3=fc, ±l5*aj5fe^ffl^ 5 *>> LaaOsdM 7. 9 3fiS%> Ga 2 O a ^46. 
6 611%, S i 0 2 ;&S5. 4 lSS%<Dm^T?M^-^#*b, b&fEtSiL 
T/^tfl t't^-Y— ]i:@8 5 c mliaiHSP©** 19 0c mfl>7l'#1M' 

3J|flJ&«:I CP##r (Inductive Coupled Plasma:^^n-g-:/7X^r) T^-^fUfc 
„ ^rO^, Ull 9RU*09s 1 5 i^-Ti 5 5-, *&j£#0^rfittU i£A*Jaffe 
<Z>±0. 0 2%£Art<DP^-C— ScLfdo Lfci^T, _k£fl, ^$P> Tg&SrilUT 

&*3. tt»0!l £ U-c, 0 2 0 RTJ«B 1 6 ^^TJ: 5 JgCi&£^<zMb^*fra 

liSStfco^, Tffil^Wc-f^^A^- t?gy^4L, SWfi»4»* a ofe 0 
UT, Hil^bT^ WTl&^0»^@ltf i©± 0 . 5%-Cfeofc 
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(7)^, @i7 \z.7i^r * o \z s mm&ffituBrm<Ds*7y*tis ioo P p mj^r-e 

2|c^Jfe^l8t?f4s 7^WfOi|SfT?S)5La20 s> Ga a 0 3 25. 

mW^RWM^y^^ l o o p p mWT<Dm.m,y £ '^ xm&ffi.&^hti?> r. £ 

0 1 4 t^-T^kA (L a 2 0 3 ^4 7. 9 8 GaaOs^4 6. 3 2li% 
„ S i 0 2 ^5. 7 011%) . 

(La 2 O s ^48. 5 O £ft%„ G a 2 Oafl* 4 6 . 3 211%, S i Oa^ 

5. 1 8ft»%) \ 

^CC (La 2 0 3 ^4 8. 5 0lt%, Ga 2 OsiS4 7. 5 0li%, S i 0 2 «5 
4 . 0 0 > , 

^CD (La 2 O s ^4 7. 5 0li%, GajOsiU 7. 5 011%, S i OzflS 
5 . 0 0 MA%) , 

(La 2 Oj^4 7. 5 0fift%, G a »O s ^4 6 . 3 2li%, S i Oz^ 

6. 1 811%) Tffl^^SllMirtTM^lt^o 



21 



WO 01/48276 PCT/JPOO/09115 

*T?£»:, §lt_t*ffc7^#1M hJgJfeifc&JBES^W ^ISIttlU m 

1^*3 ^ G a 2 03 0&aj£JfcaS4 6. 3 2fi*%«i: 9 t>{gV^ GaO^H 

. LajOs^ 4 8. 0 6~4 8. 8 0tf%iU GaaOsSr, 4 5. 2 5~ 
4 6. 6 0M%£U S i 0 2 £ N 5. 2 1~6. 1 9 M% £ Lfofc&J&fSfflf*9 

LaaOsjS4 8. 0 6^b4 8. 8 0 <9 x G a 2 0 3 ^ 4 5 . 2 5^b 

4 6. 6 0li%f$)5i: b-bfc, Si0^5. 21^P,6. 1 9lt%T?fc5 

h¥*SA**fe> ^2<oHlte^Bfcl^#^bT, s AW7 
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N Wi^ffiV^fc3^^4^®^7 ^ ^^^l:^ HifeW^ <9 0 2 1 2 8 £r# 

a ^^^^OW^StP^c^t 5 -^ WT^Ei 2 l 2 6 JCtf-To i*3 

, HI 2 1 4 3 <^>* 5 <' w -^ J3\ ^^^^^^Lfcm-a-fiBs ^4Wv^ttOH 

|H2 l^CDA^te, «(D^*^m^S^V^•CW^bfc^B B B ^m 
'^-efc^, B,£U3\ Jio^LfeJ. Crystal Growth^O^-^fe^^tbTV ^-5 

0 2 1 S.t/|H 2 6 Ki^-r £ 5 Ji5z!iLfcm^f5fflrtcDm^-C®i3tU^J|Sj-# 

±fS*a^$£ffi^5*J> La s OsflS4 8. 2 511%, Ga 3 Os^4 6. 
0 211%, S i 0 2 #5. 7 3ma%^M^-eJ^^#*U, h&ftMls 
T/V^^^l^^— i^U % ji:@8 5 c mW$®U<£>-g: & 19 0 c mtf>7 ^IM" h 

^^tflM h^^^±^P (?^'M) ^ (*^2) \ T 

u (*>~^3) fc&tfzmffiffift (M&mxfa) (a, b, c, a) comm. 

%%ky£XBfttfr-?$-Vf bfco @23a, @23b &7J*I3 2 8 l^i-J;- 

hmffiikfe? 7y^W >9A~-i?a ^(DMAh&frvtio 
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Wat .SrWfcUi:. 

<0j|g#, EI 2 4 fclTjrr J: 5 ^ 3W4&ffiafcW£© s F*IMi£j& s 2 7 4 0. 3 6 m/ s 
% s<?y3rt>S8 8. 0 8 p pmtfe*) 1 0 0 p p m^XT^mm^, f^&Ojftfifc 
<Z>*&— S AW7 ^ 71^ ©<KM4*&— ttSrlRlJi ^S-e^ fee 

(D^^mm^^MfOW-i^^.^ 2 7 4 0. 2 1 m/ s „ ^7^^ 2 24. 9 p p 
mtfcSir t tic, ^<^W^fRJ^3«^M^ii^7^^{*4 0 0 p p m-e 

0 0 p pm^T^JXSx^^fflSW^bfbS-^^fe^ ^g^Sr^S £ £: 
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Ti^tfcSLa^ Ga 2 0 3 , *5£U<S i O^WftO'^ ^^r^t fr&T 
/h£ < , ^^Wfi«V^-ftv^)i@gffT% etI^Wfil^LT^:tu^H± 0.05 

o 

£fc, #3§W£J;*U£> La 5 Ga 6 S iOu©I^fe5La 2 O s , Ga 8 O a 

L % SfcLa a Ga s SiOH^ La 2 O a> G a 2 0 3 XVS i 0 2 0|&/&$&ia3^ 
V^pTOL a 3 G a s S i O l4 ^^#fe^5 £ £ *&—. <fc4>'L>«»[»R 

f*^^^&Ki*> wm#}%im<z>'< : 7y wmimjuzzz&w 

^fcitlll-LasGasS i 0 1 4 <^M^f"C fc5L aaOs, Ga,0 3 

Vtfft'VfflMZlts i/^^bLaaGasS i O^O^jfl^l #-ttf 

U *fcLa 3 Ga 8 SiOu^ La 3 Os, Ga 3 0 3 XD<S i OaOia^tfiH^B 
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3 (DmmfcnT^mvtigmfto&ffi&r'&zcD-z^ -wm<z>&±.&mv>T'ptz 

S^MKliHtf^ L a s G a a S i On <£)Jj^S|-*T? <fo<5L a 2 O s N Ga 2 0 9 

L, ifcLasGasSiO.^ La s 0 3 ^48. 0 6^^4 8. 8 0li%T 
fc<9> Ga 2 0 3 7&S4 5. 2 5^b4 6. 6 0 t t ^ It, S iOj^5 

RlM^^a ^j&Sffifc-CdJ^ftV^fiHfcL a.G asS i Oi4^ B ^d5#fe) 
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1. Ufi&l : L a 3 GasS i O hX^>3 $^7^W htf>3l±tf Wj&7 



2. P^IIBilWO?^ hSM&pSiW ^=*V h^W^LTjBE® 

^#111® 6}^i-^A (L a 2 Oa^4 7. 8 GasOaiU 6. 50 

11%, S i Oa^5. 6 911%) , 

(La 2 Oa^4 7. 9 711%, Ga 2 Os£S4 6. 2 611%, S i Oa^ 
5. 7 711%) , 

(La 2 0,^4 8. 0 41*%, Ga 2 0 3 ^4 6. 5 011%, S i O s ^ 

5. 4 6is%) ^mt.frzmj&famft^n&^xA'ymft-efflffiz^ m/^y 

i#@ffi6i;i*tlA (La 2 Os^4 7. 8 111%, Ga 2 0»iS4 6. 5 0 
11%, S i0 2 ^55. 6 911%) , 

(La 2 Os^5 4 7. 9 711%, Ga 2 0 9 #U6. 2 611%, S i O^S 
5. 7 711%) , 

J&C (LaiOs^4 8. 0 411%, GaaOj4 6. 5 011%, SiOa^ 

5. 4 6ii%) ^mt.th.zmj&ffi.mft^WAvx/i'ytfft-zmMzit, m/^y 
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o 

Stfl2L a 3 G a s S i Oull 

$sfl-,SI®6 Ul^i^a (La ! 0 3 i54 7. 8 2li%, GasO»^46. 5 0 
14%, SiO a dS5. 6 811%) , 

&b (La 2 0 3 ^4 7. 9 711%, Ga 2 0 3 3*4 6. 2 711%, S i Oj^ 
5 . 7 6 114%) , 

&c (La 2 O 9 ^4 8..0 3li%> Ga s 0 3 ^4 6. 4 911%, SiO^ 

4K7F~rM.A (L a 2 0 3 #U 7. 9 8fifi%, GaiOi^U 6. 3 
21*%, SiO z flS5. 7 01*%) 

(La 2 Oa^4 8. 5 0 1*%, G a 2 0 3 #* 4 6 . 3 214%, S i Oz& 
5. 1 814%) , 

&C (La 2 0 3 3S4 8. 5 0 14%, Ga 2 0 3 *S4 7. 5 014%, SiOj 

4 . 0 0 14%) , 

/&D (L a 2 Os^4 7. . 5 014%, Ga 2 Oa^4 7. 5 014%, Si0 2 ^ 

5 . 0 0 14%) , 

j&E (La 2 O s ^4 7. t 5 014%, Ga 2 0 3 2*4 6. 3 214%, S i 0^5 

6. 1 814%) , 

&F (La 2 O a ^4 7. 5 014%, Ga 8 Os#4 6. 0 014%, S i 0 3 #S 
6 . 5 0 14%) , 

&G (La 2 Os^47. 9 814%, Ga 2 0 3 #4 6. 0 0.14%, S i O^S 
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6. 0 2lf%) Tffl*H53^fSfflrt^*LT^y^rt-eiSMIS^ WisV 
t»bLa s Ga,S i 0, 4 ©#^^5I % _blfW^5 - t klrZ&m 

mttMMl (La 2 03^4 7/ 9 8li%, Ga 2 0 3 ^46. 3 

211%, Si0 2 flS5. 7 011%) , 

(LajOiiU8. 5 0li%, Ga!O s i!4 6. 3 211%, S i 0 2 #S 

5. 1 8 11%) , 

(La a O a ^4 8. 5 0ii%, Ga 2 Os^4 7. 5 011%, S i O:^ 

4 . oo n%) , 

(La 2 O s ^4 7. 5 011%, Ga 2 O s ^4 7. 5 Oli%, S i 0 2 #S 
5 . 0 0 11%) , 

ME (La 2 Os354 7. 5 011%, Ga 1 0 ) ^4 6. 3 211%, S i 

6. 1 811%) Tffl*tbS«aj*ttfflrt*W«L-CA'y#rt^BMI$^ RA'y 
»bLa,Ga,SiO, 4 ©*ftfi«r3l % Jb»f W^-fS - t i~5JES 

EsttEl® 1 4 ^-T^A (La 2 6 3 ^4 7. 9 8fil%, G aJ Oa^46. 3 
211%, S i O a ^5. 7 011%) , 

(La 2 0 3 a$4 8. 5 011%, Ga 2 0 8 ^4 6. 3 211%, S i 0 2 ^S 

5. 1 811%) , 

&C (La s Os^48. 5 011%, Ga 2 O s ^4 7. 5 011%, S i 0^5 

4 . 0 0 11%) , 

(La 2 O s ^4 7. 5 O 11%, Ga 2 0 9 #4 7. 5 011%, S i 

5 . 0 0 11%) , 

(La 2 O s ^47. 5 O 11%, G a ■ Os^ 4 6 . 3 211%, S i 
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6 . 18 11%) N 

M.F (La 2 O a ^4 7. 5 0li%, Ga s O,^4 6. 0 011%, S i OatfS 
6 . 5 0 11%) , 

(La 2 0 3 #4 7. 9 8li%, Ga 2 O a 2S4 6. 0 0li%, S i O^S 

6. 0211%) xm&tizm&famftxnMLTsi'ytfftxmMZ^ m/isry 



^#@®14i^t^A (La 2 03^4 7. 9 8ji%, GasOsi 5 4 6. 3 
211%, S i0 2 dS5. 7 011%) , 
4B '(LaiOi#4 8. 5 0ti%, GaaO,^4 6. 3 211%, S i 

5 . is n%) , 

j&C (La»Os^48. 5 0li%, Ga 2 Oj4 7. 5 Olt%, S i O a 2* 
4. 0 Oli%) , 

(La 2 O a ^4 7. 5 011%, Ga 2 03^4 7. 5 011%, S iOj^ 
5 . 0 0 11%) , 

M,R (La 2 Os^4 7. 5 011%, G a aOsi&S 4 6 . . 3 2 11%, S i 0 2 ^ 

6. 1 8ii%) .•vm^fi^m.^m^x'wmvx/vy^^wm^, 

o 

BUlBL a 3 G a 6 S i OulS, 

^#0® 1 4 l^i - ^ a (La 2 OsdS4 7. 9 8 11%, G a a O,^ 4 6 . 3 
214%, Si0 2 ^5. 7 011%) , 

&b (La.O,#4 8. 4 811%, Ga 2 0 3 ^46. 3 211%, S i 0 2 ^ 
5 . 2 0 11%) , 
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j&c (La 2 O a ^4 8. 4 9^4%, Ga 2 O s 2U7. 4 9fi%, S i O s ^ 
-4. 0 2tt%) > 

&d (La 2 OJU7. 5 2li%; Ga 2 0 3 2*4 7. 4 9li%, S i 0 2 ^ 
4. 9 9l*%) , 

j&e (La 3 Oa^4 7. 5 211%, Ga 2 0 3 ^4 6. 3 2li%, S i 0 2 ^ 
6. 1 6lf%) 

/Hi (La 2 Os^4 7. 5 111%, Ga 8 0 3 ^4 6. Olli%, SiOa^S 
6. 4 811%) , 

(La 2 Os2S4 7. 9 8li% Ga 2 Oa^4 6. 0 211%, S i 

6. o ol*%) Tffl*tt5m^«fiHrto¥l$i*-T?a)Sii:4:4#»i:i-*£E«"7* 
l o.. t»*<o|£iiajR9 3®fa«l©JE«7*^>f^ffl3£«fci3V>Ts 

Hijfa LaaGasS iOuli, 

i#0ffil4l^f^a (La 2 O s ^47. 9 8li%, Ga 2 Oj4 6. 3 
211%, Si0 2 a*5. 7 011%) % 

&h (La 2 Os^4 8. 4 81*%, Ga 2 Oj4 6. 3 2l*%, S i 0 2 ^ 
5 . 2 0 lft%) , 

&c (La 2 O s #4 8. 4 91*%, Ga 2 O s ^4 7. 4 9l*%, S i 0 2 #5 
4. 0 211%) , 

(La 2 O s ^4 7. 5 21*%, GaaO a ^4 7. 4 9l*%, S i 0 2 ^ 
4. 9 9fi*%) , 

£e (La 2 O s #4 7. 5 2!*%, Ga 2 O s ^4 6. 3 214%, S i 0 2 j&5 
6. 161*%) ^BB*ns«a^ttiSrto¥Jtdl^*Si t bSr«^ti-«JE«5* 

La 2 0 3 £r, 4 8. 0 6^^4 8. 8 0l*%£L, 
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Ga 2 O s ^ 4 5- 2 5*»b46. 6 0li%tU 

r 

iELasGa.S iOult La 2 0 3 §r, 4 8. 0 6^^4 8. 8 0fi%i: 
U GaaOa^Ts 4 5. 2 5^^)4 6. 6 0fi%iU SiO s ^ 5. 21^ 
b 6 . 19 LfcB^ISHrt-e#* ^f*l -CiSt^f £iir, tfft 

f|BLa a Ga 6 S i OhI^ La a O s ^4 8. 06^b4 8. 8 0li%ffc 
«P N Ga 3 0 3 ^4 5. 2 5^^)4 6. 6 0lt%tfe5 t Hl^ SiO,iS5. 

^mmm<0^7'^^^ 1 00p p m^TlZfrZ Zb*&&k1rZ>m-$.(D$m$&3 
^ 14^ 17^ SfS8^ ^9^, fgl OJg, f&l 2^X«^1 3 3£©Wf 

t 

1 5. m#<Dum$53^ ^73s, ^83s, ms^ mi om, m 

l 2«xr±$&i 3^(DV^•fH^^^:lB«(Dffm7 ^ V^^S^<D^®_h^^®#ti^S 
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